Objectives: To examine if there is a subset of men with grade group 2 prostate cancer who could be potential candidates for active surveillance. Methods: We used the Shared Equal Access Regional Cancer Hospital database to identify 776 men undergoing radical prostatectomy from 2006 to 2015 with >8 biopsy cores obtained and complete information. We compared men who fulfilled low-risk disease criteria (clinical stage T1c/T2a; grade group 1; prostate-specific antigen ≤10 ng/ mL) with the exception of grade group 2 versus men who met all three low-risk criteria. Logistic regression was used to test the association between grade group and radical prostatectomy pathological features. Biochemical recurrence was examined using Cox models. To examine whether there was a subset of men with low-volume grade group 2 with comparable outcomes to low-risk men, we repeated all analyses limiting the percentage of positive cores in the grade group 2 group to ≤33%, and positive cores to ≤4, ≤3 or ≤2. Results: Grade group 2 low-risk men had increased risk of pathological grade group 3 or higher (P < 0.001), extraprostatic extension (P < 0.001), seminal vesicle invasion (P < 0.001) and higher risk of biochemical recurrence (hazard ratio = 1.76, P = 0.006). Using increasingly strict definitions of low-volume disease, at ≤2 positive cores there was no difference in adverse pathology between groups (all P > 0.2), except higher pathological grade group (P = 0.006). Biochemical recurrence was similar in men in grade group 1 and grade group 2 (hazard ratio = 1.24; P = 0.529). Conclusions: Among men with prostate-specific antigen ≤10 ng/mL and clinical stage T1c/T2a, those in grade group 2 with ≤2 total positive cores have similar rates of adverse pathology and biochemical recurrence as men with grade group 1.
Introduction
AS is an attractive option to avoid overtreatment for men with low-risk disease typically defined as GG1, PSA ≤10 ng/mL, clinical stage ≤T2a, 1 low disease volume on biopsy (limited by percentage or total number of positive cores) [2] [3] [4] [5] and low PSAD. [6] [7] [8] Among men meeting these criteria, PC-specific mortality is low and radical treatment is avoided. 9 Limited data exist on the inclusion of men with intermediate-risk PC, including GG2, into AS protocols. 10 In the University of Toronto's AS cohort, 72 (17%) men were in GG2. Relative to men in GG1, those in GG2 were 1.8-fold more likely to undergo radical treatment. 1 Conversely, Cooperberg et al. reported that among 90 men with intermediate-risk disease undergoing AS at UCSF, there was no difference in progression-free survival or the proportion of men undergoing treatment within a 4-year period versus men with low-risk disease. 11 Most recently, Musunuru et al. released a study reporting lower overall survival and cause-specific survival in 213 patients aged greater than 70 years with clinical stage T2c or PSA ≤15 ng/mL or GG1-2 followed on AS at a single institution. 12 As Gleason 7 is now the most common score on biopsy, we examined whether there was a subset of men in GG2 who would be reasonable candidates for AS. 13 We hypothesized that by defining PSA, clinical stage and volume criteria on biopsy, we could identify a group of men in GG2 who would be candidates for AS, thereby further reducing PC overtreatment.
Methods

Study population
After obtaining institutional review board approval, data from patients at Veterans Administration Medical Centers (Palo Alto, CA, USA; West Los Angeles, CA, USA; San Diego, CA, USA; Durham, NC, USA; Augusta, GA, USA) were combined into the SEARCH database. As few men treated before 2001 had adequate prostate sampling (defined as >8 cores) and ISUP grading changed in 2005, we limited analyses to men treated in 2006 or later (n = 2095). We excluded men with missing data on race (n = 22), PSA (n = 4), GG (n = 6), pathological GG (n = 7), clinical stage (n = 8), number of cores taken (n = 156), number of positive cores (n = 54), PM (n = 10), EPE (n = 17), SVI (n = 2) and surgical technique (n = 8). Of the remaining 1801 men, 776 met our study criteria of PSA ≤10 ng/mL, GG2 or GG1, clinical stage T1c or T2a and >8 cores on biopsy. In a subset analysis, we further excluded men with missing PSAD data (n = 80). In this subset, 696 men met the study inclusion criteria.
We compared men who fulfilled the criteria of D'Amico low-risk disease (clinical stage T1c/T2a, GG1 and PSA ≤10 ng/mL) with the exception of GG2 (henceforth "GG2 low-risk") versus men who met all three criteria for D'Amico low-risk disease. 14 We used this definition of low-risk disease for comparison, because AS is a recommended treatment option for men meeting these criteria in the NCCN Guidelines. 15 
Statistical analysis
Differences in demographic and clinicopathological features between the GG2 low-risk and D'Amico low-risk group were examined using t-tests for normally distributed continuous variables, Wilcoxon rank-sum tests for non-normally distributed continuous variables, v 2 -tests for categorical variables and Fisher's exact test for categorical variables with any expected cell count ≤5.
Crude and adjusted logistic regression models were used to test the association between risk group (GG2 low-risk vs D'Amico low-risk) and RP pathological features (pathological GG1-2 vs 3-5, PM, EPE and SVI). Models were adjusted for age at surgery (continuous), surgery year (continuous), race (white vs black vs other), number of biopsy cores (continuous), surgical center, surgical technique, clinical stage (T1c vs T2a) and PSA (log-transformed, continuous).
On average, men were evaluated every 3 months in the first year postoperatively, every 6 months in years 2-3 and annually thereafter. BCR was defined as a single PSA >0.2 ng/mL, two consecutive PSAs of 0.2 ng/mL or secondary treatment for elevated PSA in the postoperative period. 16 HRs for time to BCR between GG2 low-risk and D'Amico low-risk disease were analyzed using Cox proportional hazards analysis, adjusting for age at surgery (continuous), surgery year (continuous), race (white vs black vs other), surgical center, surgical technique, clinical stage (T1c vs T2a), PSA (log-transformed, continuous) and biopsy cores taken (continuous). Time to BCR was examined using the Kaplan-Meier method, and comparisons between the groups were carried out using the log-rank test.
All analyses were repeated, restricting the percentage or number of positive biopsy cores in the GG2 low-risk group, including positive cores ≤33%, ≤4 positive cores, ≤3 positive cores and ≤2 positive cores. A similar analysis was carried out, but matching the number or percentage of positive cores in the D'Amico low-risk and GG2 low-risk group.
In a subset analysis including men with PSAD data, all analyses were repeated limiting the PSAD threshold of the GG2 low-risk at ≤0.30, ≤0.25, ≤0.20, ≤0.15 and ≤0.10 ng/ mL/g. To account for the possibility of late adoption of ISUP guidelines, we repeated the main analysis, but limited the cohort to patients with surgery in 2008 or more recently.
Statistical analyses were carried out using Stata 14.1 (StataCorp, College Station, TX, USA). Statistical significance was two-sided with P < 0.05.
Results
D'Amico low-risk patients versus GG2 low-risk patients
Baseline characteristics of the 776 men who met inclusion criteria are shown in Table 1 . Median days from biopsy to RP was 113 days (IQR 83-159). Among all patients, 371 (48%) had D'Amico low-risk disease, and 405 (52%) had GG2 lowrisk disease. The GG2 low-risk group was older (61.5 vs 60.5 years; P = 0.026), had a more recent median surgery year versus the D'Amico low-risk group (2012 vs 2010; P < 0.001), were more likely to have a robotic prostatectomy (60% vs 40%; P < 0.001) and undergo a PLND (65% vs 30%; P < 0.001). Among men whose cancer did not recur, median postoperative follow up was significantly shorter in the GG2 low-risk group (23.4 months vs 40.1 months; P < 0.001). As expected, GG2 low-risk men had more positive cores (4 vs 3; P < 0.001), greater percentage of positive cores (33% vs 25%; P < 0.001), and higher rates of EPE (14% vs 5%; P < 0.001), SVI (8% vs 2%; P < 0.001) and positive lymph nodes (1% vs <1%; P = 0.024) vs D'Amico low-risk men. Consistent with Gleason grading on prostate biopsy, GG2 low-risk men were more likely to be higher pathological GG versus D'Amico low-risk men (12% vs 27% GG1; 63% vs 51% GG2; 25% vs 11% GG3-5; P < 0.001). There were no significant differences in race, PSA, PSAD, clinical stage, days from biopsy to RP or PM.
The GG2 low-risk group had higher pathological GG, more EPE and more SVI, in both crude and adjusted models (all P ≤ 0.002; Table 2 ). The risk of PM was not significantly different between groups. GG2 low-risk men had a higher risk of BCR than D'Amico low-risk men (log-rank, P < 0.001; Fig. 1a) .
In order to identify if there were subsets of men with GG2 low-risk disease with outcomes similar to D'Amico low-risk men, we assessed the impact of limiting the analysis to men with low-volume GG2 low-risk disease, using varying definitions of "low-volume." As the definition of low-volume became increasingly strict (i.e. fewer cores positive), the HR for BCR between the GG2 low-risk group and the D'Amico low-risk group became increasingly smaller (i.e. closer to 1; Table 3 ). At ≤2 positive cores, the difference in time to BCR between the GG2 low-risk and the D'Amico low-risk group was not statistically significant (HR = 1.24, P = 0.529). When matching the definition of low-volume disease in both groups, men with GG2 low-risk disease and ≤2 positive cores had similar time to BCR compared with men with D'Amico low-risk disease and ≤2 positive cores (HR = 1.47, P = 0.315; Tables S1-S3 and Fig. S1 ).
Analysis of GG2 low-risk patients versus D'Amico low-risk patients with ≤2 total positive cores As time to BCR was comparable between the GG2 low-risk and D'Amico low-risk group when restricted to men with ≤2 total positive cores, we repeated the analysis comparing baseline characteristics (Table 4) , risk of adverse pathology (Table 5 ) and BCR risk (Fig. 1b) between these groups. There were 371 men (81%) with D'Amico low-risk disease and 88 men (19%) with GG2 low-risk disease and ≤2 positive biopsy cores. Consistent with the larger cohort of men previously reviewed, the GG2 low-risk group with ≤2 total positive cores had a more recent median year of surgery than the D'Amico low-risk group (2011 vs 2010; P < 0.001). Median postoperative follow up was significantly shorter in the GG2 low-risk group compared with the D'Amico lowrisk group (30.2 months vs 40.1 months; P = 0.003). While limiting the number of positive cores in the GG2 low-risk group to ≤2, men in the GG2 low-risk group were more likely to have two positive cores versus the D'Amico lowrisk group (P = 0.004), and a greater percentage of positive cores (17% vs 10%; P = 0.018). Consistent with biopsy GG, pathological GG was higher in the GG2 low-risk group compared with the D'Amico low-risk group (22% vs 38% GG1; 51% vs 51% GG2; 275 vs 11% GG3-5; P < 0.001). There were no significant differences in race, PSA at diagnosis, PSAD, clinical stage, number of biopsy cores, surgical technique, or rates of EPE, SVI or PM between groups.
The likelihood of the GG2 low-risk group having a pathological GG3-5 remained statistically greater than the D'Amico low-risk group (P = 0.006; Table 5 ). However, the risk of PM, EPE, and SVI were similar between the GG2 low-risk and the D'Amico low-risk group. There was no significant difference in time to BCR between the two groups (log-rank, P = 0.528; Fig. 1b) . Table S4 shows the stratification of D'Amico low-risk and GG2 low-risk men by year of surgery. Over time, the number of GG2 low-risk men undergoing surgery is increasing.
Subset analysis: D'Amico low-risk patients versus GG2 low-risk patients with PSAD data
An alternative means to select "low-risk" men in GG2 is to limit to men with low PSAD. To address this, we evaluated progressively lower PSAD thresholds in the GG2 low-risk group, and found that on univariable analysis men with GG2 low-risk had significantly higher BCR risk than the D'Amico low-risk group, until the PSAD was ≤0.10 ng/mL/g, when results were similar (HR = 1.10, P = 0.819; Table S5 ).
Sensitivity analysis: D'Amico low-risk patients versus GG2 low-risk patients in 2008-2015
To account for the possibility of late adoption of ISUP guidelines, we repeated the main analysis, but limited the cohort to 658 patients who underwent surgery between 2008 and 2015. The results were similar to the main analysis in that the GG2 low-risk group had higher pathological GG, more EPE and more SVI, in both crude and adjusted models (Table S6 ).
Discussion
As GG2 disease is now the most common score on biopsy, we examined if a subset of GG2 PC patients had similar outcomes to low-risk patients, and thus could be reasonable potential AS candidates. 13 Using the SEARCH database of men undergoing RP, we compared men who fulfilled the D'Amico low-risk disease criteria versus men with GG2 lowrisk PC, but who otherwise fulfilled the D'Amico low-risk disease criteria. We explored associations between risk group, RP pathological features and BCR, restricting PSAD (subset analysis) and the percentage or number of positive cores between the GG2 low-risk and the D'Amico low-risk group. We found that among men with PSA ≤10 ng/mL and clinical stage T1c/T2a, those with GG2 PC and a PSAD ≤0.10 ng/ mL/g had similar rates of adverse pathology and BCR as men with GG1. The number of men meeting this PSAD threshold was~15% of GG2 low-risk patients. We found that among men with PSA ≤10 ng/mL and clinical stage T1c/T2a, those with GG2 PC in ≤2 positive cores had similar rates of adverse pathology and BCR as men with GG1. The number of men meeting this cut-off was~37% of SEARCH. Additional studies are required to assess the safety of including these men on AS protocols to reduce PC overtreatment. Previous studies established higher rates of BCR, metastases and cancer-specific death in men with GG2 versus those with GG1. [17] [18] [19] The heterogeneity of PC outcomes in men with Gleason 7 disease is recognized to strongly correlate with primary Gleason grade (3 vs 4) . 20, 21 Although AS for low-risk disease has made progressive in-roads to mitigate PC overtreatment, a decrease in non-curative initial management among men with intermediate-risk PC has been observed in USA population-level datasets. 22 Our interest in the possible expansion of AS to a defined population of men with intermediate-risk PC is shared. In a European multi-institutional dataset, Gandaglia et al. reported no significant BCR difference between 564 men with GG2 organ-confined disease and 926 men with GG1 organ-confined disease who preoperatively met PRIAS criteria for AS. 23 In a single-institution RP dataset, Kwon et al. identified 217 men with GG2 disease who otherwise fulfilled at least one common AS protocol criteria (Hopkins, 6 Memorial Sloan Kettering Cancer Center, 3 PRIAS, 24 Miami, 4 UCSF 25 or Toronto 1 ). They found the rate of pathologically aggressive disease would not significantly increase with expansion of AS criteria to include GG2 under most contemporary protocols. 26 Another single-institution study of 1190 men with GG2, but otherwise low-risk disease, found that men with low PSA and low stage might be suitable for AS. 27 Other tools for differentiating AS patients versus those who should be treated include multiparametric magnetic resonance imaging, 28 molecular markers 29 and possibly testosterone levels. 30 In a retrospective review of 2323 men who underwent RP for GG2 at six European institutions, Ploussard et al. determined that 46% had unfavorable disease at final pathology. However, by narrowing their selection criteria to men with PSA ≤10 ng/mL, PSAD ≤0.15 ng/mL/g, clinical stage T1c and ≤2 positive cores, the rate of adverse disease was 19%, leading the authors to conclude that expanding AS to these men might be acceptable provided strict adherence to selection criteria. 31 Similar to Ploussard's analysis, we explored a PSAD of ≤0.15 ng/mL/g and ≤2 positive cores as cut-points. Although pathological outcomes and BCR were similar between the GG2 low-risk group with ≤2 positive cores and D'Amico low-risk group in our cohort, we found a threshold PSAD of ≤0.10 ng/mL/g was required to achieve similar outcomes between the groups. In SEARCH, 4.2% of men had GG2 low-risk disease and ≤2 positive cores on biopsy.
Including men with GG2, PSA ≤10 ng/mL, clinical stage T1c/T2a and ≤2 total positive cores would considerably expand the population eligible for AS. In the present study, among men with GG2 low-risk disease, 22% had ≤2 total positive cores on biopsy. Men meeting our GG2 low-risk disease criteria with ≤2 total positive cores comprised 5% of the entire SEARCH population between 2013 and 2015.
The present study had the inherent limitations of all retrospective analyses. Although our dataset included men from five Veterans Administration centers, central pathology review was not completed. Changes in Gleason grading during our study period might limit study validity. Specifically, grade migration resulting from changing ISUP guidelines could impact risk and outcomes over time. However, a sensitivity analysis restricting to men with surgery in more recent years showed similar results. We were unable to quantify the amount of Gleason 4 on pathology reports to distinguish a "large" GG2 from a "small" GG3, which might have similar prognosis. Furthermore, we did not examine more specific pathological characteristics, such as cribriform architecture, which is associated with tumor upstaging in GG2 patients. 32, 33 While a commonly used criterion for AS selection is ≤50% tumor involvement in each core, this metric was not available in our data. 34 Pathological findings serve as intermediate end-points for aggressive disease, and might not predict disease-specific or overall survival; overall survival was not included, as few prostate cancer deaths occurred in the cohort. Year of surgery and follow-up length between our D'Amico low-risk and GG2 low-risk groups were significantly different, and introduce possible bias. As SEARCH is a RP database, an inherent selection bias exists. Towards this end, we noted more low-risk GG2 treated more recently and fewer GG1. Whether this reflects increased use of AS for GG1, changing PSA screening guidelines, or changing criteria for surgery or differences in grading is unknown without knowing the full spectrum of all men diagnosed with PC at all centers within SEARCH. The rate of upgrading in our low-risk patients was higher than in other studies, possibly related to our cohort including a large percentage of black men and not being limited by other AS criteria (i.e. no limits on the number of cores, PSAD or amount of any core involvement). How this could have affected the present results is unclear. Although we adjusted for known confounders of adverse pathology, we had no way to account for unmeasured confounding. We chose pathological GG3 as our definition of aggressive disease, as the goal was not to understand factors predicting any upgrading, but rather upgrading to an aggressive disease. This definition has been used by others, and as these men are generally not considered AS candidates, this is a reasonable end-point. 35 As all men with GG2 low-risk disease in our dataset underwent RP, it is unknown if their outcomes with intervention reflect the natural history of GG2 low-risk disease monitored on AS. Furthermore, the time from biopsy to surgery was short, and thus we presume that all upgrading in the present study was as a result of sampling and not progression. As such, we are unable to account for differences in grade progression, which can occur over time in a group not treated surgically. This further argues that validation of the present results in ASmanaged patients is essential.
Among men with PSA ≤10 ng/mL and clinical stage T1c/ T2a, those with GG2 PC in ≤2 total positive cores have similar rates of adverse pathology and BCR as men with GG1 disease. This finding, if confirmed in additional cohorts of AS patients, might expand AS protocol inclusion criteria to further reduce PC overtreatment.
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